I numerically simulate and compare the entanglement of two quanta using the conventional formulation of quantum mechanics and a time-symmetrical formulation that has no collapse postulate. The experimental predictions of the two formulations are identical, but the entanglement predictions are significantly different. The time-symmetrical formulation reveals an experimentally testable discrepancy in the original quantum analysis of the Hanbury Brown-Twiss experiment, explains quantum steering into the past, fixes known time asymmetries in the conventional formulation, provides a candidate for a Bell beable, and answers Bell's question "How do you convert an 'and' into an 'or' ?"
Introduction
Quantum entanglement is at the heart of both new quantum information technologies [1] and old paradoxes in the foundations of quantum mechanics [2] . Despite significant effort, a comprehensive understanding of quantum entanglement remains elusive [3] . In this paper I compare how the entanglement of two quanta is explained by the conventional formulation of quantum mechanics [4] and by a time-symmetrical formulation that has no collapse postulate. The time-symmetrical formulation and its numerical simulations can facilitate the development of new insights and physical intuition about entanglement. There is also always the hope that a different point of view will inspire new ideas for furthering our understanding of quantum behavior.
Time-symmetrical formulations of quantum behavior predate the discovery of the Schrödinger equation [5] , and have been developed many times over the past century [6] . The particular time-symmetrical formulation in this paper, and its connection to other time-symmetrical formulations, have been described elsewhere [7] . It is called time-symmetrical because (for symmetrical boundary conditions) the complex transition amplitude densities (defined below) are the same under a 180 degree rotation about the symmetry axes perpendicular to the time axes. The conventional formulation does not have this symmetry. To the best of my knowledge, this is the first quantitative explanation of entanglement by a time-symmetrical formulation. The closest work appears to be [8] .
Identical quanta have the same intrinsic physical properties, e.g. mass, electric charge, and spin. But identical quanta are not necessarily indistinguishable: an electron in your finger and an electron in a rock on the moon are distinguishable by their location. Identical quanta can become indistinguishable when their wavefunctions overlap such that it becomes impossible, even in principle, to tell them apart.
Entanglement is usually taught using spin or polarization degrees of freedom. But entanglement also occurs in the spatial wavefunctions of systems with more than one degree of freedom [9] . For one quantum in two or more dimensions, two different parts of the spatial wavefunction can be entangled with each other, resulting in spatial amplitude interference, as in Young's double-slit experiment. For two quanta in one or more dimensions, the spatial wavefunctions of the two quanta can be entangled with each other, resulting in spatial intensity interference, as in the Hanbury Brown-Twiss effect [10] . This paper will consider only the latter type of entanglement. In this paper "spacetime" always means Galilean spacetime [2] . This is a lower dimensional version of the Hanbury Brown-Twiss experiment [10] , allowing direct visualization of the twoquanta wavefunctions and transition amplitude densities in (2+1)-dimensional configuration spacetime. Configuration spacetime is the usual quantum configuration space with a time axis added. The two sources S a and S b are at fixed locations x a and x b , and can each emit a single quantum on command. Let us assume we always know when a quantum is emitted. The two detectors D c and D d are at variable locations x c and x d , and can each either absorb quanta or let them pass through undisturbed. 2
the Gedankenexperimental setup
For the one-quantum cases, a single run of the Gedankenexperiment will consist of source S a emitting a single quantum at the initial time t i , then this quantum either passing through both detectors, or being absorbed by one detector, or being absorbed by the other detector. We will do many runs, but analyze only the subset of runs where the detector D c absorbs the quantum at the final time t f . There will only be one or no quanta in the apparatus at any time. The probability for all other experimental results is then one minus the probability that we will calculate.
For the two-quanta cases, a single run of the Gedankenexperiment will consist of each source emitting a single quantum at the same initial time t i , then the two quanta either passing through both detectors, or only one quantum being absorbed by one detector, or both quanta being absorbed by one detector, or one quantum being absorbed by one detector and the other quantum being absorbed by the other detector. We will do many runs, but analyze only the subset of runs where the detectors each absorb one quantum at the same final time t f . There will only be two or fewer quanta in the apparatus at any time. The probability for all other experimental results is then one minus the probability that we will calculate.
a Gedankenexperiment with one quantum
The conventional formulation assumes that a wavefunction which lives in configuration space and evolves in time gives the most complete description of a quantum that is in principle possible. Let us assume that a quantum is created in source S a as a normalized gaussian wavefunction ψ of width σ = 1:
where x 1 is the location of the quantum, (x a , t i ) = (10, 0) are the emission location and time, all quantum masses are set to 1, and natural units are used: = c = 1.
The conventional formulation assumes that upon measurement by a detector a wavefunction abruptly collapses onto a different wavefunction localized at the detector. Let us assume that at (x c , t f ) = (7, 60), the wavefunction ψ collapses onto the normalized gaussian wavefunction φ of width σ = 1:
and is absorbed by detector D c . I chose the fixed locations of all sources and detectors in this paper to show the symmetry of the complex transition amplitude density, to give about the same values of P c for bosons and fermions, and to give a relatively large value for P c . Figure 2 (a) shows the real parts of ψ and φ during the run. The imaginary parts are not shown because they do not contribute much more of interest. The conventional formulation assumes the probability for this transition is P c = A * c A c , where the subscript c denotes the conventional formulation, and the conventional amplitude A c for the transition is: 3
where the time t = 60 is the time of wavefunction collapse. Plugging in numbers gives a transition probability P c = 6.59 × 10 −2 for this particular choice of source and detector locations.
The time-symmetrical formulation assumes that a complex transition amplitude density which lives in configuration spacetime gives the most complete description of a quantum that is in principle possible. Using the same initial and final wavefunctions given above, the transition amplitude density φ * ψ for the same transition is defined as:
where φ * ψ varies continuously and smoothly, with no abrupt collapse, between emission at the source and absorption at the detector. The transition amplitude is the quantum amplitude for a particular transition between an initial condition and a final condition. The transition amplitude density is the quantity that is integrated over a spatial volume of configuration spacetime to get the transition amplitude. Figure 2 (b) shows the real part of φ * ψ for this transition, where the probability for the transition is normalized to one. The time-symmetrical formulation assumes the probability for the transition is P t = A * t A t , where the subscript t denotes the time-symmetrical formulation, and the time-symmetrical amplitude A t is given by:
This has the same integrand as the conventional formulation Equation (3), except the time t is now a variable. Plugging in numbers gives a transition probability P t = 6.59×10 −2 for this particular choice of source and detector locations, the same predicted experimental result as the conventional formulation. The results are the same because the integral is independent of time. This implies the time-symmetrical formulation has more time symmetry than the conventional formulation.
a Gedankenexperiment with two distinguishable quanta
Let us assume two distinguishable quanta (quanta 1 and 2) are emitted simultaneously from sources S a and S b , with quantum 1 having the same initial wavefunction as in the prior one-quantum case, while quantum 2 has the similar normalized initial wavefunction:
where x 2 is the location of quantum 2, and (x b , t i ) = (−10, 0) are the emission location and time at source S b . We will also assume that the two initial wavefunctions abruptly collapse onto two normalized final wavefunctions (similar to the final wavefunction in the 4 prior one-quantum case) and are absorbed by the two detectors at (x c , t f ) = (7, 60) and (x d , t f ) = (−7, 60). There are four possible distinguishable path permutations: (1) quantum 1 goes from S a to D c , while concurrently quantum 2 goes from S b to D d ; (2) quantum 2 goes from S a to D c , while concurrently quantum 1 goes from S b to D d ; (3) quantum 1 goes from S a to D d , while concurrently quantum 2 goes from S b to D c ; and (4) quantum 2 goes from S a to D d , while concurrently quantum 1 goes from S b to D c . The probability for all other experimental results is then one minus the probability of these four runs.
The conventional formulation assumes the two-quanta wavefunctions are the products of the two one-quantum wavefunctions. For the first path permutation, the two-quanta initial wavefunction is then:
where ψ(x, t; x i , t i ) is defined by Equation (1), and the two-quanta collapsed wavefunction is:
where φ(x, t; x f , t f ) is defined by Equation (2). Figure 3 (a) shows the real parts of the conventional initial and collapsed two-quanta wavefunctions for the first distinguishable path permutation. The imaginary parts are not shown because they do not contribute much more of interest.
The conventional formulation assumes the probability for the first distinguishable path permutation is P c1 = A * c1 A c1 , where the conventional amplitude A c1 is:
where t = 60 is the time of wavefunction collapse. The conventional formulation assumes the total probability for any of these four events to happen is given by calculating the probability for each of these amplitudes and then adding these probabilities:
Plugging in numbers gives P c = 1.33 × 10 −2 for this particular choice of source and detector locations.
The time-symmetrical formulation assumes the two-quanta transition amplitude densities are the products of the two one-quantum transition amplitude densities. For the first distinguishable path permutation, the two-quanta transition amplitude density φ * ψ is defined as:
Figure 3(b) shows the time-symmetrical two-quanta transition amplitude density for the first distinguishable path permutation. Note that φ * ψ varies continuously and smoothly, with no abrupt collapse, between emission at the sources and absorption at the detectors.
The time-symmetrical formulation assumes the probability for the first distinguishable path permutation is P t1 = A * t1 A t1 , where the time-symmetrical amplitude A t1 is given by the integral of the two-quanta transition amplitude density:
This has the same integrand as the conventional formulation Equation (9), except the time t is now a variable. Plugging in numbers gives P c = 1.33 × 10 −2 for this particular choice of source and detector locations, the same predicted experimental result as the conventional formulation. The results are the same because the integral is independent of time. This implies the time-symmetrical formulation has more time symmetry than the conventional formulation. Figure 4 shows the conventional and time-symmetrical predictions for how the experimentally measurable probability of a two-quanta transition will vary as a function of the positions of the two detectors, for all four distinguishable path permutations. The conventional and time-symmetrical predictions are the same. There is no two-quanta interference pattern, since the two quanta are distinguishable and not entangled.
a Gedankenexperiment with two indistinguishable bosons
Let us assume two indistinguishable, noninteracting bosons (bosons 1 and 2) are emitted simultaneously from sources S a and S b , with the same initial and collapsed two-quanta wavefunctions as in the prior distinguishable two-quanta case.
The conventional formulation assumes these two-quanta wavefunctions must be symmetrized by quantum exchange and added if they are indistinguishable bosons. The symmetrized and normalized initial two-quanta wavefunction is:
where the subscript s denotes symmetrization. The symmetrized and normalized two-quanta collapsed wavefunction is:
Figure 5(a) shows the real parts of the symmetrized initial wavefunction ψ s (x 1 , x 2 , t; x a , x b , t i ) and the symmetrized collapsed wavefunction φ s (x 1 , x 2 , 60; x c , x d , t f ). The imaginary parts are not shown because they do not contribute much more of interest. The conventional formulation assumes the amplitude for this transition is the overlap integral: 6
where t = 60 is the time of wavefunction collapse. The conventional probability is P c = A * c A c . Plugging in numbers gives P c = 6.25 × 10 −3 for this particular choice of source and detector locations.
The time-symmetrical formulation assumes the two-quanta transition amplitude densities must be symmetrized by path exchange and added if they are indistinguishable bosons. There are four possible indistinguishable path permutations: (1) quantum 1 goes from S a to D c , while concurrently quantum 2 goes from S b to D d ; (2) quantum 2 goes from S a to D c , while concurrently quantum 1 goes from S b to D d ; (3) quantum 1 goes from S a to D d , while concurrently quantum 2 goes from S b to D c ; and (4) quantum 2 goes from S a to D d , while concurrently quantum 1 goes from S b to D c . The sign of each permutation is positive for bosons, giving a symmetrized and normalized transition amplitude density of:
Note that the time-symmetrical normalization constant is 1/2, because there are four terms. Figure 5 (b) shows the symmetrized transition amplitude density φ * s ψ s . It varies continuously and smoothly, with no abrupt collapse, between emission at the sources and absorption at the detectors. The time-symmetrical formulation assumes the probability of the transition
where the amplitude A t is the integral:
This has the same integrand as the conventional formulation Equation (15), except the time t is now a variable. Plugging in numbers gives P t = 6.25 × 10 −3 for this particular choice of source and detector locations, the same predicted experimental result as the conventional formulation. The results are the same because the integral is independent of time. This implies the time-symmetrical formulation has more time symmetry than the conventional formulation. Figure 6 shows the conventional and time-symmetrical predictions for how the experimentally measurable probability of a two-quanta transition will vary as a function of the positions of the two detectors. The conventional and time-symmetrical predictions are the same. The two-quanta interference pattern has a maximum when the two detectors are located at (x c , x d ) = (0, 0), as expected for indistinguishable bosons. 7
a Gedankenexperiment with two indistinguishable fermions
Let us assume two indistinguishable, noninteracting fermions (fermions 1 and 2) are emitted simultaneously from sources S a and S b , with the same initial and collapsed two-quanta wavefunctions as in the earlier distinguishable two-quanta case.
The conventional formulation assumes these two-quanta wavefunctions must be antisymmetrized by quantum exchange if they are indistinguishable fermions. The antisymmetrized and normalized initial two-quanta wavefunction is:
where the subscript a denotes antisymmetrization. The antisymmetrized and normalized two-quanta collapsed wavefunction is:
Figure 7(a) shows the real parts of the antisymmetrized initial wavefunction ψ a (x 1 , x 2 , t; x a , x b , t i ) and the antisymmetrized collapsed wavefunction φ a (x 1 , x 2 , t; x c , x d , t f ). The imaginary parts are not shown because they do not contribute much more of interest. The conventional formulation assumes the probability for this transition is P c = A * c A c , where the amplitude A c is given by the overlap integral:
where the time t = 60 is the time of wavefunction collapse. Plugging in numbers gives P c = 7.09 × 10 −3 for this particular choice of source and detector locations.
The time-symmetrical formulation assumes the two-quanta transition amplitude densities must be antisymmetrized by path exchange if they are indistinguishable fermions. There are four possible indistinguishable path permutations: (1) quantum 1 goes from S a to D c , while concurrently quantum 2 goes from S b to D d ; (2) quantum 2 goes from S a to D c , while concurrently quantum 1 goes from S b to D d ; (3) quantum 1 goes from S a to D d , while concurrently quantum 2 goes from S b to D c ; and (4) quantum 2 goes from S a to D d , while concurrently quantum 1 goes from S b to D c . The sign of each permutation is determined by the number of path termini pairs that are exchanged: using the first transition as the reference, the first permutation has zero termini pairs swapped; the second permutation has two termini pairs swapped; the third permutation has one termini pair swapped; and the fourth permutation has one termini pair swapped. Assigning positive signs to even termini swap permutations and negative signs to odd termini swap permutations gives an antisymmetrized and normalized transition amplitude density of: 8
Note that the time-symmetrical normalization constant is 1/2, because there are four terms. Figure 7 (b) shows the antisymmetrized transition amplitude density φ * a ψ a . It varies continuously and smoothly, with no abrupt collapse, between emission at the sources and absorption at the detectors. The time-symmetrical formulation assumes the probability of the transition
This has the same integrand as the conventional formulation Equation (20), except the time t is now a variable. Plugging in numbers gives P t = 7.09 × 10 −3 for this particular choice of source and detector locations, the same predicted experimental result as the conventional formulation. The results are the same because the integral is independent of time. This implies the time-symmetrical formulation has more time symmetry than the conventional formulation. Figure 8 shows the conventional and time-symmetrical predictions for how the experimentally measurable probability of a two-quanta transition will vary as a function of the positions of the two detectors. The conventional and time-symmetrical predictions are the same. The two-quanta interference pattern has a minimum when the two detectors are located at (x c , x d ) = (0, 0), as expected for indistinguishable fermions.
The original quantum analysis of the Hanbury Brown-Twiss effect
The Hanbury Brown-Twiss effect was initially demonstrated with radio waves and explained using classical electromagnetic theory [10] . When Hanbury Brown and Twiss proposed using their effect to measure stellar diameters with optical photons, most physicists believed it would not work because optical photons were much more like particles than waves. In response to Feynman's telling him "It will never work!", Hanbury Brown replied "Yes, I know. We were told so. But we built it anyway, and it did work [11] ." Fano [12] gave the first completely quantum explanation of the Hanbury Brown-Twiss effect. Fano described two excited atoms, a and b, each emitting one photon, followed by two ground state atoms, c and d, each absorbing one photon. He drew two diagrams for the indistinguishable ways this could happen: (1) photon 1 goes from a to c, while concurrently photon 2 goes from b to d; and (2) photon 1 goes from a to d, while concurrently photon 2 goes from b to c. He then added these two alternatives to get the unnormalized total amplitude A Σ for the transition: 9
where A ij is the amplitude for a photon to go from j to i. Feynman [13] , and Mandel [14] later gave the same quantum explanation as Fano. In the time-symmetrical formulation of this paper, this corresponds to the unnormalized transition amplitude density:
(24) Figure 9 (a) shows a plot of the real parts of the Fano, Feynman, and Mandel transition amplitude density φ * s ψ s , normalized to give a transition probability of one. The imaginary parts are not shown because they do not contribute much more of interest. Note that the transition amplitude density has one terminus on the t = 0 plane, at (x a , x b ) = (10, −10), and two termini on the t = 60 plane, at (x a , x b ) = (7, −7) and (−7, 7). It obviously does not have the time symmetry of Figure 5 (b), suggesting the analyses of Fano, Feynman, and Mandel are incomplete. This could also be inferred from Figure 5(a) . In essence, they symmetrized the final state φ s but not the initial state ψ.
If we normalize Equation (24) and calculate the probability for the transition, we get P t = 3.125 × 10 −3 , which is half the predicted experimental result of the conventional and timesymmetrical formulations described in Section 5. Figure 9 
Discussion
Bell argued that the conventional formulation of quantum mechanics is intrinsically ambiguous and self-inconsistent, in part because it is based on "observables," defined as the results of measurements made on quantum systems [15] . He envisioned a better theory based on objective "beables," defined as descriptions of quantum systems as they really are, before and after any measurements are made. The complex transition amplitude densities of the time-symmetrical formulation are promising candidates for Bell's beables: they are physically well-defined objects in a self-consistent formulation; they have objective properties that do not change upon measurements; they can be made relativistically invariant [7] ; and the probability of a possible beable existing can be calculated [7] .
Bell also asked [A.J. Leggett, private communication] "How do you convert an 'and' into an 'or' ?" He wondered how a quantum superposition of several possible final states turns into only one final state upon measurement. The conventional formulation postulates abrupt collapse of the wavefunction upon measurement onto only one of the possible final states, while the time-symmetrical formulation postulates the smoothly varying existence of only one actual transition amplitude density out of a statistical ensemble of possible transition amplitude densities, with no change in the actual one after information about it is gained from the experimental results. Note that the continuous localization of the transition amplitude density inside the detector allows the quantum to be locally absorbed by the detector, which is a well-understood process that is qualitatively different than the spatially nonlocal wavefunction collapse of the conventional formulation, which must be instantaneous in all reference frames to obey the conservation laws. The conventional formulations "quantum indeterminacy" about the outcome of an experiment is replaced by the time-symmetrical formulations classical uncertainty about which possible beable actually exists. The timesymmetrical formulations answer to Bell's question is that there was never an "and," there was only an "or." The question of how nature chooses one transition amplitude density out of a statistical ensemble is left unanswered.
The conventional explanation of "quantum steering into the past" experiments [16] implies that "if we attempt to attribute an objective meaning to the quantum state of a single system, curious paradoxes appear: quantum effects mimic not only instantaneous actionat-a-distance but also, as seen here, influence of future actions on past events, even after these events have been irrevocably recorded [17] ." These aspects of quantum behavior are not paradoxical in the time-symmetrical formulation, because the complex transition amplitude density has an objective meaning and is intrinsically nonlocal in configuration spacetime.
The conventional formulation has several asymmetries in time: only the initial conditions of the wavefunction are specified, the wavefunction is evolved only forward in time, the transition probability is calculated only at the time of measurement, wavefunction collapse happens only at the time of measurement, and wavefunction collapse happens only forwards in time. This seems unphysical: shouldn't the fundamental laws of nature be time-symmetric? Consider the details of a specific example: according to the conventional formulation, Equation (3) must be evaluated only at the time of collapse. In contrast, according to the timesymmetrical formulation, the transition amplitude of Equation (5) can be evaluated at any time. But the two transition amplitudes give exactly the same results. The fact that the transition amplitude need not be evaluated at a special time shows that quantum mechanics has more intrinsic symmetry than allowed by the conventional formulation. Heisenberg said "Since the symmetry properties always constitute the most essential features of a theory, it is difficult to see what would be gained by omitting them in the corresponding language [18] ." The intrinsic time symmetry of a quantum transition is represented in the time-symmetrical formulation, but not in the conventional formulation.
More generally, the conventional formulation implicitly assumes that quantum mechanics is only a predictive theory. As Dyson pointed out [19] , "...statements about the past cannot in general be made in [the conventional formulation of] quantum-mechanical language. For example, we can describe a uranium nucleus by a wavefunction including an outgoing alpha particle wave which determines the probability that the nucleus will decay tomorrow. But we cannot describe by means of a wavefunction the statement, "This nucleus decayed yesterday at 9 a.m. Greenwich time." Feynman also believed that the conventional formulation could 11
not account for history [20] . When the conventional formulation is used retrodictively, attempting to determine what happened in the past given the present wavefunction, it usually does not work. Penrose [2] used an interferometer Gedankenexperiment to show that using the conventional formulation retrodictively gives us "...completely the wrong answer!" Hartle [21] proved that in the conventional formulation "...correct probabilities for the past cannot generally be constructed simply by running the Schrödinger equation backwards in time from the present state." This inability of the conventional formulation to describe or retrodict the past seems like a serious shortcoming for a theory which claims to be our best description of nature. Since the time-symmetrical formulation is intrinsically time-symmetrical, it describes the future and past equally well, and makes correct predictions and retrodictions. For example, consider the single-quantum Gedankenexperiment shown in Figure 2 . Given the wavefunction ψ at t i = 0 for Figure 2(a) , the conventional formulation can correctly predict the wavefunction up until t < 60, but not later. And given the collapsed wavefunction φ at t ≥ 60, the conventional formulation cannot retrodict the earlier wavefunction. In contrast, given the complex transition amplitude density of Figure 2 (b) at any time, the time-symmetrical formulation can predict and retrodict the complex transition amplitude density at any other time.
Finally, the longstanding conceptual problems in the foundations of the conventional formulation suggest that something is fundamentally wrong. This paper proposes what might be wrong: the conventional formulation assumes the most complete description of a quantum system that is in principle possible is a wavefunction, which is an n-dimensional object which lives in configuration space and evolves only forwards in time. It is ingrained in human experience and intuition that nature is composed of 3-dimensional objects and has an intrinsic arrow of time, which leads us to implicitly extrapolate these concepts to the quantum level. These questionable extrapolations seem to be the cause of many conceptual problems in the conventional formulation. The time-symmetrical formulation assumes the most complete description of a quantum system that is in principle possible is a complex transition amplitude density, which is an (n+1)-dimensional object which lives in configuration spacetime, and does not have many of these conceptual problems. Figure 6 . (a) The conventional formulation prediction for the interference pattern for two indistinguishable bosons: the probability P c that the two quanta emitted from the sources are absorbed in the two detectors, as the locations of the two detectors are varied, averaged over many runs. (b) The time-symmetrical formulation prediction for the same Gedankenexperiment: the probability P t that the two quanta emitted from the sources are absorbed in the two detectors, as the locations of the two detectors are varied, averaged over many runs. The interference patterns are identical, and have a maximum when the two detectors are located at (x c , x d ) = (0, 0), as expected for indistinguishable bosons. The interference patterns are normalized to give a transition probability of one. Color online. Figure 7 . (a) The conventional explanation of a Gedankenexperiment with two indistinguishable fermions: the antisymmetrized two-quanta wavefunction ψ a is emitted by sources S a at (x a , t i ) = (10, 0) and S b at (x b , t i ) = (−10, 0), evolves in time, then abruptly collapses onto the antisymmetrized two-quanta wavefunction φ a and is absorbed by detectors D c at (x c , t f ) = (7, 60) and D d at (x d , t f ) = (−7, 60). The conventional formulation assumes the antisymmetrized wavefunction is a 2-dimensional object which lives in configuration space, evolves in time, and gives the most complete description of the two quanta that is in principle possible. (b) The time-symmetrical explanation of the same Gedankenexperiment: the antisymmetrized two-quanta transition amplitude density φ * a ψ a (where φ * a is the complex conjugate of the φ a in the conventional explanation) is emitted by sources S a and S b , and the quanta are absorbed by detectors D c and D d . There is no abrupt collapse. The time-symmetrical formulation assumes the antisymmetrized complex transition amplitude density is a (2+1)-dimensional object which lives in configuration spacetime and gives the most complete description of the two quanta that is in principle possible. The transition amplitude density φ * ψ is normalized to give a transition probability of one, only the real parts of ψ, φ, and φ * ψ are shown, and half of the plots are cut away to show the interiors. Color online. Figure 8 . (a) The conventional formulation prediction for the interference pattern for two indistinguishable fermions: the probability P c that the two quanta emitted from the sources are absorbed in the two detectors, as the locations of the two detectors are varied, averaged over many runs. (b) The time-symmetrical formulation prediction for the same Gedankenexperiment: the probability P t that the two quanta emitted from the sources are absorbed in the two detectors, as the locations of the two detectors are varied, averaged over many runs. The interference patterns are identical, and have a minimum when the two detectors are located at (x c , x d ) = (0, 0), as expected for indistinguishable fermions. The interference patterns are normalized to give a transition probability of one. Color online. 
